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et al.: Roof Mounted Airbag Module With Adaptive Positioning

TECHNICAL DISCLOSURE

ROOF MOUNTED AIRBAG MODULE WITH ADAPTIVE POSITIONING
Abstract
[0001]

A translational and rotational support for a roof-mounted airbag module allows

for adjusting the translational and/or rotational position of the airbag module to account
for variations in the seat and/or occupant position in the vehicle. The support is
especially advantageous in driverless/autonomous vehicles where the occupant seating
in the passenger compartment is not constrained by the conventional vehicle
driver/passenger seating positions. The translational and rotational support can, for
example, account for rear facing, side facing, angled, and fully reclined seat/occupant
positions.
Background
[0002]

It is known to provide an inflatable vehicle occupant protection device, such

as an airbag, for helping to protect an occupant of a vehicle. One particular type of
airbag is a frontal airbag inflatable between an occupant of a front seat of the vehicle
and an instrument panel of the vehicle. Such airbags may be driver airbags or
passenger airbags. When inflated, the driver and passenger airbags help protect the
occupant from impacts with parts of the vehicle such as the instrument panel and/or a
steering wheel of the vehicle.
[0003]

Passenger airbags are typically stored in a deflated condition in a housing

that is mounted to the vehicle instrument panel. An airbag door is connectable with the
housing and/or instrument panel to help enclose and conceal the airbag in a stored
condition. Upon deployment of the passenger airbag, the airbag door opens to permit
the airbag to move to an inflated condition. The airbag door opens as a result of forces
exerted on the door by the inflating airbag.
[0004]

Driver airbags are typically stored in a deflated condition in a housing that is

mounted on the vehicle steering wheel. An airbag cover is connectable with the housing
and/or steering wheel to help enclose and conceal the airbag in a stored condition.
Upon deployment of the driver airbag, the airbag cover opens to permit the airbag to
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move to an inflated condition. The airbag cover opens as a result of forces exerted on
the cover by the inflating driver airbag.
[0005]

Side airbags can be mounted in the vehicle side structure, such as in a side

door of the vehicle or a B-pillar of the vehicle. Side airbags are inflatable between the
side structure and the occupant of an adjacent vehicle seat to help protect the occupant
from impacts with the side structure.
[0006]

There are trends in the auto industry to make vehicles more spacious. Styling

has been making the instrument panel smaller and thus farther away from the occupant.
Looking further into the future, driverless, autonomous vehicles are even more
spacious. Autonomous vehicles have been contemplated for some time, and now their
adaption on a large scale is approaching. Autonomous vehicles can eliminate some of
the structure traditionally relied upon for supporting various vehicle safety devices.
[0007]

With these realities as a backdrop, the paradigm of occupant safety systems

must shift. In the past, the necessity of a vehicle operator/driver lent to a somewhat
standard vehicle passenger cabin configuration. In the U.S., the driver is a front seat,
left side, forward facing occupant within reach of the vehicle controls and
instrumentation (steering wheel, pedals, instrument panel, console, etc.). This driver
configuration helps dictate the layout of the remainder of the vehicle – front seat,
forward-facing passenger-side occupant, rear seat (second row, third row, etc.) forwardfacing occupants. Accordingly, in the past, occupant safety systems were typically
designed with this passenger cabin layout and the associated occupant positions and
orientations in mind.
[0008]

The autonomous vehicle eliminates the operator/driver, which eliminates the

necessity of their being positioned and oriented in the conventional manner. Vehicle
manufacturers are free utilize passenger cabin space as they see fit without being
constrained to predetermined passenger arrangements, such as all forward-facing
occupants, or vehicle structural configurations, such as steering wheel/instrument panel
configurations, center console configurations, foot well pedal controls, etc.
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[0009]

This presents the challenge of not only where to locate airbag systems, but

also finding a reaction surface against which to position the airbag so that it can absorb
impacts. Typically, instrument panel and steering wheel mounted frontal airbags utilize
those structures as a reaction surface against which the airbag rests so that it can
oppose, cushion, and absorb the impact energy of an impacting occupant and provide a
desired ride-down effect. In the autonomous vehicles, however, the vehicle may not
have an instrument panel or steering wheel at all, and the occupants can be positioned
and oriented outside the traditional manner. This can make it difficult or impossible to
utilize traditional structures in the vehicle as reaction surface.
[0010]

Additionally, the passenger compartment of an autonomous vehicle can be

highly configurable and reconfigurable, with seats that can be moved, removed, rotated,
reclined, etc. With this possibility, the configuration of the vehicle safety system
becomes even more challenging.
Adaptive Position Roof Airbag Module
[0011]

An adaptive vehicle safety system includes a roof airbag module supported

on a structure, such as a rail system, that is configured to adjust the position of the
module commensurate with the position of the vehicle seat. To achieve this function, the
system includes sensors that sense the position of the vehicle seat and/or occupant,
and a controller that is operable to adjust the position of the airbag module in response
to the sensed seat/occupant position. The sensed position can be acquired in a variety
of manners, such as seat position, recline, and/or rotation sensors, camera sensors,
etc. The controller can control the operation of actuators, such as motors, solenoids,
linear actuators, etc. to adjust the airbag module to a position best suited to protect the
occupant.
[0012]

The roof airbag module can be configured to utilize the roof as a reaction

surface for supporting the airbag against the impacting occupant. To achieve this, the
airbag module can include tethers, airbag chambers, multiple airbags, etc. that support
the airbag(s) in a manner sufficient to allow the roof to act as a reaction surface for the
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airbag. Additionally, the safety system can be configured to utilize other structures, such
as the instrument panel or the side structure, as a reaction surface if the occupant/seat
position allows.
Forward/Rearward Seat Facing Adaptability
[0013]

Some vehicles may be configured for forward/rearward seat facing

adaptability. These vehicles include seats that can be rotated between a forward facing
and rearward facing conditions, as shown and described in the figures and paragraphs
that follow below.

Front-Facing Deployment
[0014]

In the front-facing seat configuration, the airbag module can be mounted

along the front roof rail of the vehicle. In this so-called bag-in-roof (BIR) implementation,
the airbag module is configured so that the airbag deploys forward form the module
along the vehicle windshield and becomes positioned between the occupant and the
instrument panel, with the instrument panel and windshield acting as the reaction
surface for the bag. In the forward facing scenario, the airbag can deploy from a forward
edge of the roof liner or from the trim piece that covers the roof liner along the roof
header. Alternatively, the roof liner can include pre-cut tear seams that rupture in
response to the inflating airbag to allow for its deployment.
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Rear-Facing Deployment
[0015]

For the rearward facing occupant, the airbag module is configured so that the

airbag deploys rearward in the vehicle and is presented in front of the occupant. In this
rear-facing configuration, the airbag can be configured to utilize the roof as a reaction
surface for the bag. To facilitate the rearward facing scenario, the roof liner can include
pre-cut tear seams that rupture in response to the inflating airbag and can therefore
facilitate the rearward bag deployment.

Rotatable Roof-Mounted Airbag Module
[0016]

To facilitate implementation of a roof mounted BIR airbag module for vehicles

with re-configurable seats, the airbag module can be configured with rotatable mount
and an actuator to change the orientation of the airbag module in response to the
configured seat position and/or orientation. The actuator can rotate the BIR airbag
module to deploy the airbag forward, as shown above, in response to detecting a
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forward facing seat/occupant configuration. Similarly, the actuator can rotate the BIR
airbag module to deploy the airbag rearward, as shown above, in response to detecting
a rearward facing seat/occupant configuration.
Rotational and Translational BIR Support
[0017]

The possibility of autonomous vehicles presents the possibility of a wide

variety of adjustable seating configurations. Some examples are shown below:

Possible Seating Configurations
[0018]

As shown above, the seats can be arranged in a normal, forward facing

configuration (A), a front seats facing rear configuration (B), angled facing forward
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configuration (C), angled front seats facing rear (D), or front seats fully reclined flat (D).
Other configurations, such as the illustrated two-seat, forward/rearward seating
configuration, are also possible.
[0019]

The BIR airbag module can be configured to have its position adjusted, both

rotationally and translationally in the vehicle so that the position of the BIR module can
be adapted to the seat/occupant position. With the understanding that vehicles,
especially autonomous vehicles, will allow for both rotational and translational
movement, it follows that the BIR airbag module should be capable of replicating that
movement so as to afford occupant protection regardless of the selected seat/occupant
position. Because of this, the BIR airbag module can be configured to rotate for
forward/rearward seat facing compatibility. Additionally, the BIR airbag module can be
configured to adjust translationally, i.e., forward and rearward, for seat forward/rearward
seat longitudinal and/or recline position compatibility.

Translational/Rotational Mount
Translational Movements
[0020]

Additionally, as shown above, the translational seat position might not be

limited to forward/rearward adjustability and movement. The seat might also be
adjustable laterally in the vehicle, i.e., in the Y-direction in the vehicle, along with
longitudinally, i.e., in the X-direction in the vehicle, as shown above. To account for this,
the mount can be configured for translational movement of the BIR airbag module in
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both the X and Y directions. Examples of how this can be implemented are illustrated
below.

Vehicle with Adjustable Position BIR Airbag Module
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BIR Airbag Module Rail Adjustment System
[0021]

The BIR airbag module rail adjustment system shown above allows for

adjusting the translational position of the airbag module longitudinally in the vehicle (Xdirection) via Rail B and laterally in the vehicle (Y-direction) via rail A. Through these
adjustments, the position of the BIR airbag module can be moved to any position within
the coverage of the rails. Additionally, the rotational position of the BIR airbag module
can also be adjusted at any translational position that the module is positioned.
[0022]

In the configuration illustrated above, the BIR airbag module rail adjustment

system covers a rear seating position in the vehicle, both left and right. Rail A extends
laterally (Y-direction) across the rear seats, both left and right. Rail B extends
forward/rearward over the rear seating position only. In this single row seat coverage
implementation, a BIR airbag module rail adjustment system can be associated with
each seating row in the vehicle. Alternatively, a single BIR airbag module rail adjustment
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system could potentially cover more than one rows/seats, depending on the degree of
adjustability of those seats.
[0023]

The BIR airbag module is mounted to one of the rails, such as the B rail in the

figures shown above. The position of the BIR airbag module is adjustable along the
length of the B rail. At the same time, the B rail is secured to the A rail, and the position
of the B rail is adjustable along the length of the A rail. By adjusting the position of the
BIR airbag module along the B rail and the position of the B rail along the A rail, the
position of the airbag module can be adjusted to any location within the coverage of the
rail adjustment system. Additionally, the rotational orientation of the BIR airbag module
on the B rail can be adjusted to account for the rotational position of the seat/occupant it
is configured to protect. This is shown in the following figures.
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Forward Facing Upright Seated Occupant
[0024]

For the forward facing upright seated occupant shown above, the position of

the B rail (green) on the A rail (blue/cyan) is adjusted to above the occupant/seat, e.g.,
centered laterally over the occupant/seat. The forward/rearward position of the BIR
airbag module on the B rail is adjusted so that the airbag deploys in front of the
occupant, in the manner described above. The rotational orientation of the BIR airbag
module is configured to correspond to the forward facing upright seated occupant.
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Forward Facing Reclined Seated Occupant
[0025]

For the forward facing reclined seated occupant shown above, the position of

the B rail (green) on the A rail (blue/cyan) is adjusted to above the occupant/seat, e.g.,
centered laterally over the occupant/seat. The forward/rearward position of the BIR
airbag module on the B rail is adjusted so that the airbag deploys in front of the
occupant, in the manner described above. As shown above, comparing the reclined
occupant to the upright occupant, the position of the BIR airbag module along the B rail
is adjusted rearward. The rotational orientation of the BIR airbag module is configured
to correspond to the forward facing reclined seated occupant.
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Forward Facing Upright and Rotated Seated Occupant
[0026]

For the forward facing upright and rotated seated occupant shown above, the

position of the B rail (green) on the A rail (blue/cyan) is adjusted to above the
occupant/seat, e.g., centered laterally over the occupant/seat. The forward/rearward
position of the BIR airbag module on the B rail is adjusted so that the airbag deploys in
front of the occupant.
[0027]

In the above figures, the BIR airbag module rail adjustment system does not

allow for rotational adjustment of the BIR airbag module on the A rail. Therefore, the
module is maintained in the illustrated forward facing orientation. The configuration of
the airbag itself can be configured to account for the rotated occupant, e.g., in the same
manner that airbags can be configured to cushion occupants in the event of an oblique
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or offset vehicle collision. Alternatively, the BIR airbag module rail adjustment system
could be configured to adjust the position of the BIR airbag module rotationally to
account for the angled seat position, as described above.
Mechanics for Rotational and Translational BIR Support
[0028]

The mechanics of adjusting the position of the BIR airbag module to afford

the functionality described herein can be achieved in a variety of manners. For example,
to adjust the position of the B rail on the A rail, or to adjust the position of the BIR airbag
module on the B rail, the system can implement a driver mechanism based on a
technology similar to the window lifter. In the illustration below, the actuator exerts a
pulling force on the cable, which causes the actuator to slide along the rail. If the
actuator is fixed, it can be used to cause movement of the rail. It can therefore be seen
how this or a similar mechanism can be implemented to move the B rail along the A rail,
or to move the BIR airbag module along the B rail. The mechanics and translational BIR
airbag module support can therefore be provided through this mechanism.

Window Lifter Mechanism
[0029]

Another alternative could be based on rack and pinion mechanism. In this

configuration, a rack and pinion mechanism would be used to move the BIR airbag
module along the B rail. Another rack and pinion mechanism would be used to move the
B rail on the A rail. In either scenario, one way to arrange the mechanism is to mount
the pinion on a component that is fixed relative to the component it is intended to move,
and to mount the rack on the movable component. Alternatively, a reverse arrangement
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could also be implemented with the rack being fixed and the pinion movable. In either
instance, linear motion is imparted through the rotation of the pinion in a known manner.
[0030]

For example, to move the BIR airbag module along the B rail, the rack could

be fixed to the B rail and the airbag module could be mounted on an assembly that is
movable along the B rail and that includes the pinion and a driver (e.g., electric motor)
for driving the pinion. In this instance, the pinion would be rotatable to move the airbag
module along the fixed rack and the B rail. As another example, to move the B rail along
the A rail, the rack could be fixed to the B rail and the pinion and driver could be
mounted to the A rail.. In this instance, the fixed pinion would be rotatable to move the
movable rack and the B rail along the A rail.

Rack and Pinion Mechanism
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[0031]

To rotate the BIR airbag module while mounted to the B rail, a simple concept

would be to provide a basic in a U-shaped form, that mounts the module to the rails.
The U-shaped plate is fixed, with a round upper plate rotationally fixed to it. The upper
plate includes positioning holes spaced about its circumference, with the number of
holes being commensurate with rotational positions configured to correspond to
predetermined load cases, i.e., with rotational positions of the seat/occupant. The upper
plate is rotatable via an actuator in response to a detected rotational position of the
seat/occupant. The actuator can include a fixing pin configured to engage the holes in
the upper plate in order to fix the rotational position of the BIR airbag module.

Rotational BIR Support
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Translational Support of Side Impact Airbag Module
[0032]

The principles of translational support for the BIR airbag module can also be

implemented for side impact airbag support. As shown below, the translational rail
structure implemented in the vehicle roof for the BIR airbag module can also be
implemented in the side structure to adjust the position of the side impact airbag module
commensurate with the seat/occupant position in the vehicle. For example, the
translational position of the side impact airbag module can be adjusted fore/aft in the
vehicle to account for fore/aft seat positioning. As another example, the translational
position of the side impact airbag module can be adjusted up/down in the vehicle to
account for up/down seat positioning. As a further example, the translational position of
the side impact airbag module can be adjusted fore/aft and/or up/down in the vehicle to
account for a seat recline position.

Translational Side Impact Airbag Support

Published by Technical Disclosure Commons, 2022

18

